Preliminary analyses of 56 samples from the upper 49 meters of Hole 480 (Cores 1-11) show marked changes in pollen frequencies and concentrations. The largely varved cores (1, 2, 3, 10, and 11) are characterized by low concentrations and pollen types such as Gramineae, Low-spine Compositae and Cheno/Ams. The largely homogeneous section (Cores 3 through 10) contains higher pollen concentrations and is dominated by TCT (probably Juniperus) and Artemisia. Picea pollen is also present in this section. The record as a whole is thought to represent most of the last glacial cycle.
INTRODUCTION
Prior to the present study and the companion studies of Heusser (this volume, Pt. 2) and Sirkin (this volume, Pt. 2), the Gulf of California had received very little attention from palynologists. In the mid-1960s Cross et al. (1966) analyzed the pollen and spore content of -250 core-top samples and outlined the distribution of the dominant types. Unfortunately, this pioneer study was not followed by an analysis of downcore material. To date, therefore, our knowledge of late Quaternary vegetation change in northwestern Mexico has been based on the terrestrial record. Especially important here has been the palynological work of Martin and his associates at the University of Arizona (Martin, 1963; Martin and Mehringer, 1965; Hevly et al., 1965; Mehringer et al., 1967; Meyer, 1973; Fine, 1978) .
The terrestrial pollen record clearly shows that there were major changes in vegetation and climate in this area during the late Quaternary, although the detailed nature of these changes is still far from clear. One problem here has been the limited number of depositional environments favorable for pollen preservation. In a semiarid climate such as this there are few lakes or marshes, and research has therefore been focused primarily on alluvial fills, cave deposits, and spring mounds. Several long cores have been recovered from playa lakes in the southwest-for example, Wilcox Playa in Arizona (Martin, 1963 )-but pollen is not always well preserved in playa sediments, especially interglacial and postglacial sediments. In general, therefore, the pollen record for the areas adjacent to the Gulf of California is both spatially and temporally incomplete.
The deficiences of the fossil pollen record are to a certain extent compensated for by an unusually rich macrofossil record. Particularly important here has been the work of Wells, Van Devender, and others on packrat (Neotoma) middens (Van Devender and Spaulding, 1979) . The Neotoma evidence clearly shows that Curray, J. R., Moore, D. G., et al., Init. Repts. DSDP, 64: Washington (U.S. Govt. Printing Office). during the late Wisconsin much of what is now the Sonoran Desert was occupied by piny on pine and juniper, the implication being that the climate of the area was then significantly cooler and/or wetter than it is today. As we shall indicate later, the Site 480 pollen record provides further evidence of significant climatic change in northwestern Mexico during the late Quaternary. The sensitivity of the Site 480 pollen record presumably reflects its location on the southern margins of the Sonoran Desert Zone (Fig. 1) .
This paper represents a preliminary report on the pollen content of 56 samples from the upper 49 meters of Hole 480 (Cores 1-11). The analysis was restricted to this section in order to provide a relatively detailed view of the last glacial cycle (Sangamon to Holocene). According to Schrader et al. (1980) , Isotope Stage 5e is probably located between Cores 11 and 13.
METHODS
All of the samples analyzed, with one exception, were taken from the central 6 cm × 1 cm section of the core (Soutar et al., this volume, Pt. 2). An attempt was made to take constant-volume samples (2 cm × 1 cm × 1 cm), but slight variations in the thickness of individual slabs made this difficult, and volume was therefore determined by displacement. The mean sample volume was 1.6 cm 3 . The excellent X-ray coverage of these carefully sectioned core slabs made it possible to determine the number of varves in each sample with a high degree of accuracy. The probable error in varve counting is assumed to be less than 10% for most samples.
Before extraction procedures began, a constant number of lycopodium spores was added to each sample as a control (Stockmarr, 1971 ). Subsequently standard techniques were utilized (HC1 10%, KOH 10%, HF 48%, HNO 3 35% cold, and acetolysis). The residues were stained with safranin and mounted in silicone oil. The most troublesome aspect of the extraction procedure was the persistent presence in some samples of fine-grained, acid-resistant organic matter. This finegrained material tends to clump during acetolysis and if present in quantity makes counting very difficult. It can be removed with cold HNO3 70% (4 min. in an ultrasonic bath) but this procedure is risky because it can also remove some of the less resistant pollen. A safer technique is to disaggregate the organic fraction with sodium pyrophosphate (Na 4 P 2 O 7 ) and wash through a 7 µva mesh nylon screen (Cwynar et al., 1979) . The disaggregation is best done after the HF treatment.
All counts were made on a Leitz Dialux microscope at 400 × magnification. The total count at each level was at least 150 grains and usually over 400 (Appendices A and B). On taxonomic questions we have largely followed the precedents of Martin (1963) . The record is dominated by 7 familiar types: Pinus, TCT (probably mainly Juniperus), Quercus, Artemisia, Chenopodiaceae/Amaranthus, Gramineae, and low-spine Compositae (probably mostly Ambrosia). In addition, the counts include a large number of rare types (see Appendix B), many of which are still "unknown." One unknown type which is listed as "Type 65" is common at some levels. It may represent Euphorbiaceae and/or Rutaceae. Rare types with potential as paleoclimatic indicators include Picea, Dodonaea, Rhizophora, Bursera, Simmondsia, and Idria. Plates 1 and 2 illustrate some of the pollen types encountered.
THE SONORAN DESERT

RESULTS AND DISCUSSION
The Chronology Problem
As is indicated elsewhere in this volume (see Site 480 chapter, this volume, Pt. 1), the time period represented by the Site 480 section is not yet clearly established. There are two basic problems here: (1) the gap between the sediment/water interface and the top of Core 1, and (2) the uncertainty as to the sedimentation rate in the nonvarved sections.
In order to try to resolve the first problem, a pollen sample was taken from Sample 480-1-1, 0-2 cm and care-fully scanned for alien pollen types. As we have shown elsewhere (Mudie and Byrne, 1980) , alien pollen types can provide useful chronological markers. However, in this sample none was found and we tentatively conclude, therefore, that the top of Core 1 predates the period of European contact (i.e., has a minimum date of 450 y. B.P.). It is hoped that the chronology for the whole Site 480 section will eventually be derived by isotopic analyses, but no such chronology is presently available, and as an interim substitute we propose a chronology that is based on pollen stratigraphy or, more specifically, pollen concentrations.
As has been shown by Mehringer et al. (1977) , pollen concentrations (grains/cm 3 ) can be used to provide a rough estimate of sedimentation rates in undated sections of cores if pollen influx rates (grains/cm 2 y.) are known for adjacent well-dated sections. Mehringer used this technique to estimate the time represented by volcanic ash layers in lake sediments in the northwestern United States. Here we suggest that the same technique can be used to estimate the time represented by the large-ly homogeneous unit in Cores 3 through 9. For example, the mean annual pollen influx in Cores 1 and 2 (as determined by varve counts on 12 pollen samples between 0.60 m and 9.82 m) is 1250 grains/cm 2 y. (Table 1) . This is probably a reasonable estimate of the Holocene average. If one makes the unlikely assumption that annual influx rates were the same in the homogeneous unit that extends from 13.4 meters to 43.0 meters in Cores 3 through 9, and presumably represents most of the last glacial, an estimate of time included in this section can be obtained by dividing the mean pollen concentration per cm 3 (Table 2) by the mean annual Holocene influx and multiplying the resulting number by the number of cm in the section. The resulting estimate is ~90 ky.
As can be seen from Table 3 , the mean annual influx in varved sections of the core adjacent to homogeneous sections ("transitional" sections) is 2048 grains/cm 2 y., considerably higher than the Holocene average. This increased influx is probably attributable to the closer proximity of the coastline during periods of lowered sea level and possibly also to the increased importance of windpollenated taxa in the areas adjacent to the central Gulf.
If the "transitional" influx of 2048 grains/cm 2 y. is assumed to be typical of the homogeneous unit, the estimated time equivalent is approximately 55 ky. Furthermore, if one allows 14 ky. for the largely varved section between Sample 480-3-3, 91-93 cm (13.42 m) and the top of Core 1, and an additional 6 ky. for the varved section from Sample 480-10-1, 31-33 cm (43.07 m) to 49 meters (both crude estimates), the total time represented in the section analyzed is -75 ky. (Table 4 ). This estimate is clearly an approximation, but it does provide a basis for a discussion of the pollen record.
Pollen Stratigraphy
The pollen counts are shown graphically in Figures 2, 3, and 4. Because of the uncertainty about the sedimentation rate in the homogeneous sections, the results for the full 49 meters are presented as a percentage diagram (Fig. 2) . The upper 13 meters, however, are mostly varved and the counts for this section are, therefore, given both as percentage and absolute influx diagrams (Figs. 3, 4) . Table 1 . Holocene pollen influx rates, Hole 480. Pollen records from marine cores are usually more complacent than terrestrial records because they reflect the history of vegetation change over large areas. Fortunately, the Site 480 record is not a complacent one. For purposes of discussion three main pollen zones are recognized (Fig. 2) . The zone boundaries are arbitrarily based on the variable importance of three paleoclimatically significant pollen types, Picea, TCT (presumably Juniperus), and Artemisia. All three are indicative of cool-temperate climatic conditions and are largely restricted to the homogeneous parts of the section. The dates assigned to the zone boundaries are clearly tentative, especially in the case of the B/C boundary. (75,000-60,000 y. B.P. ) This zone is characterized by the absence of Picea pollen and by low values for both Artemisia and TCT pollen. Herbaceous types dominate the record, notably cheno/ams, low-spine Compositae, and Graminae. Unfortunately, all of these pollen types are taxonomically very broad, and paleoecological interpretation is therefore difficult. The record as a whole indicates an interglacial or an interstadial episode with climatic conditions not very different from those of the present. The prominent minimum in low-spine Compositae at ~ 44 meters and the subsequent rise in cheno/ams has a parallel in Zone A between 6 meters and 3 meters and presumably represents a shift toward a warmer climate. Certainly, the low arboreal pollen values indicate that it was too warm and dry for woodland vegetation in the areas adjacent to the central Gulf. B (60,000-10,000 y. B.P.) The C/B boundary is arbitrarily drawn at 38 meters, because this marks the beginning of a gradual increase in TCT, Artemisia, and Picea. These cool-climate indi-cators all reach their highest percentage values between Samples 480-5-3, 109-111 and 480-3-3, 91-93 (23.10 to 13.42 m sub-bottom) and then decline rather abruptly. This gradual rise and rapid decline is reminiscent of numerous late Quaternary climatic records and presumably reflects the last glacial cycle.
Zone C
Zone
Of particular interest in Zone B is the occurrence of spruce (Picea) pollen. There are only two species of spruce currently native to Mexico (P. chihuahuana and P. mexicanà) and both have localized distributions in the Sierra Madre. P. chihuahuana, the species most likely represented in the Site 480 samples, is limited to several small stands in the Sierra Madre Occidentale. It is now restricted to elevations above 2300 meters where, according to Gordon (1968) , the climate is characterized by cold, dry winters, warm summers, and rainfall throughout the year, with the highest monthly totals occurring in summer.
The more or less regular occurrence of spruce pollen in Zone B suggests that spruce had a significantly wider distribution in Mexico during the late Pleistocene. The actual magnitude of this expansion cannot be determined from the Site 480 data alone, but it seems likely that at least the higher sections of the Yaqui and Mayo drainage basins were occupied by spruce during the last glacial episode. Another possibility is that spruce was brought to the central Gulf via Colorado River drainage during periods of glacially lowered sea level. We should note, however, that spruce pollen has also been reported in late Pleistocene sediments in the Basin of Mexico, and long distance transport in that particular case would not seem to have been likely (Clisby and Sears, 1955) .
In view of the Neotoma evidence referred to earlier, the rise in Artemisia and TCT-type pollen (probably Juniperus) in Zone B was not unexpected. What is surprising are the low values for both Pinus and Quercus. Apparently the latitudinal displacement of northern species was not paralleled by a corresponding altitudinal displacement in the Sierra Madre.
Another interesting feature of Zone B is that some desert and subtropical woodland species apparently remained in the central Gulf area throughout the last full glacial. The best evidence for this is the Dodonaea curve (Fig. 2) . Dodonaea was encountered in small but consistent quantities in most of the Zone B samples.
The unusual combination of subtropical (e.g., Dodonaea) and cool-temperature (e.g., Picea) pollen types in the Zone B samples suggests that the during the last glacial period the central Gulf area was characterized by climatic conditions that have no modern analog. In other words, the overall cooling of climate did not lead to a wholesale displacement of species; rather, some species migrated more than others, and the resulting combinations represented mixed communities that were adapted to basically different climatic regimes.
Another interesting feature of the Zone B assemblage is the abrupt decline of temperate types between Samples 480-3-3, 27-29 cm and 480-3-2, 98-100 cm (12.78 to 11.99 m sub-bottom). Apparently, there was a very rapid warming of climate at this time. Also of interest is the minor reversal between Samples 480-3-2, 61-63 cm and 480-3-1, 31-33 cm (11.62 to 9.82 m sub-bottom) . TCT, Artemisia, and Picea all increase in this section, as does the total pollen concentration (Figs. 2, 3) . Conceivably this late-glacial reversal was synchronous with the Younger Dryas of Western Europe or the Two Creeks of North America. A (10,000-450 y. B.P.) The age of the boundary between Zones A and B has not yet been precisely dated, but an extrapolation of varve counts, assuming a ~450-y. gap at the top of Core 1, indicates a date of ~ 10,000 y. B.P. All of the samples analyzed in this section were varved, and it was therefore possible to determine mean annual influx values. The influx diagram (Fig. 3) is especially interesting insofar as it clarifies some puzzling features of the percentage diagram (Fig. 4) . The latter suggests that pine increases toward a maximum in the mid-Holocene and remains high until about 3 meters depth. In the influx diagram, there is no Holocene pine rise. The high pine values in the percentage diagram are clearly an artifact of the net decline in nonpine pollen (Fig. 3) . In absolute terms, pine pollen influx actually decreases during this period.
Probably the most significant feature of Zone A is the prominent low-spine Compositae minimum and corresponding cheno/am increase between 6 and 3 meters (6000-3000 y. B.P.?). Martin (1963) reported a similar inverse relationship in several Arizona pollen diagrams and interpreted it to represent an Altithermal effect involving heavier rainfall and arroyo cutting. His analysis of modern pollen samples in the southwest has shown that low-spine Compositae are often associated with cienegas (marshy areas) on alluvium-filled valleys, whereas cheno/ams are associated with alkali soils and dissected valley systems.
The general correspondence between the Site 480 Holocene record and Martin's Arizona diagrams is reassuring and is strongly indicative of a regional change in climate of the kind Martin proposed. Also relevant here is the tendency toward thicker varves in this part of the section (Fig. 3 ). According to Baumgartner et al. (1978) , varve thickness in the Guaymas Slope sediments is positively correlated with Rio Yaqui discharge.
In the top 2 meters of Zone A, net pollen influx increases and low-spine Compositae once again dominate the record. Samples in this section were carefully scanned for possible evidence of agricultural activity but nothing conclusive was encountered. Cross et al. (1966) reported locally abundant Zea pollen in some of their surface samples but we are inclined to believe that their Zea are more likely to be algal cysts. Thin-walled, Gramineaelike palynomorphs are common in the near-surface sediments and can be confused with pollen grains.
The Chronology Problem Reconsidered
As was suggested earlier, the pollen concentration data indicate that Cores 1 through 11 represent at least the last 75 ky. The pollen frequencies also support this interpretation. However, one major uncertainty remains. The question is whether or not Pollen Zone C is equiva-lent to a mid-Wisconsin interstadial (Isotope Stage 3) or a late phase in the Sangamon interglacial (Isotope Stage 5a).
If the largely homogeneous unit from Cores 3 through 9 (~ 13.5 m to 43.00 m) is assumed to be equivalent to only the late Wisconsin (Isotope Stage 2), then the interval of time represented by it would be ~ 15 ky. Isotope Stage 2 began -25,000 y. B.P. (Ruddiman and McIntyre, 1981) , and there are probably at least 14,000 varves above the homogeneous layer in Cores 1, 2, and 3. This would indicate a glacial sedimentation rate roughly twice as high as that of the Holocene.
If, on the other hand, the largely homogeneous unit of Cores 3 through 9 is equivalent to the whole of the Wisconsin glacial interval (Isotope Stages 2, 3, and 4), its basal date should be around 73,000 y. B.P. (Ruddiman and Mclntyre, 1981) . This, in turn, would suggest that the base of the section analyzed here should date to around 79,000 y. B.P., because Cores 10 and 11 contain at least 6000 varves. If this interpretation is correct, the glacial sedimentation rate was roughly half that of the Holocene.
The uncertainty surrounding the chronology of the Site 480 section may soon be resolved by isotopic dating. On the basis of the pollen evidence presented here, it seems reasonable to conclude that the early estimate of Schrader et al. (1980) is probably not too far out and that Isotope Stage 5e is indeed located somewhere between Cores 11 and 13. The presence of sand at this level prevented the recovery of Core 12, and direct corroboration of this prediction is therefore not possible, at least not at Site 480. Fortunately, the sand unit was largely recovered at nearby Site 479.
CONCLUSION
The main conclusion derived from the present study is that the Site 480 pollen record does provide a sensitive index of late Quaternary climatic change. The record indicates that during the last 80 ky., the vegetation of the area adjacent to the central Gulf has changed significantly in response to what is interpreted to be a large part of the last glacial cycle. Cool-temperature woody taxa, such as Picea, Artemisia, and TCT (probably Juniperus), reach high values in the homogeneous sections of the core, whereas the varved sediments contain a pollen assemblage that is dominated by cheno/ams, lowspine Compositae, and Graminae.
The absolute influx values determined for the Holocene section emphasize the shortcomings of percentage frequency diagrams and also confirm some of the earlier pollen work in the southwestern United States. Most important here is the duplication of Martin's (1963) "Altithermal" effect involving a decrease in low-spine Compositae and an increase in cheno/ams.
To date, detailed interpretation of the Site 480 pollen record is hampered by the uncertainties concerning the chronology. However, when these problems are resolved it should be possible to reconstruct the history of late Quaternary vegetation change in the central Gulf area with considerable accuracy. Furthermore, it should be possible to cross-correlate the Site 480 record with the much longer Site 479 record and in this way provide a continuous record of change for the last million years. Work along these lines is currently in progress. 
